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(54) Device for reducing electromagnetic interference in recording and/or reproducing apparatus 
with radio receiving function 



(57) A disc recording and/or reproducing apparatus 
with a radio receiving function where a recording/play- 
back unit (2) having a high-frequency clock generator is 
housed in a shield case (11), and both input and output 
signals (14) of the recording/playback unit (2) are trans- 
ferred to and from other circuits via opto-electric conver- 
ters (15,17) and electro-optical convertors (16.18) 
disposed inside and outside the case, so that any unre- 
quited high-frequency components radiated from input 
and output connection leadwires piercing through the 
shield case (11) can be suppressed, consequently to 
achieve remarkable reduction of the high-frequency 
noise entering into the radio receiving unit. 
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Description 



The present invention relates to a recording and/or 
reproducing apparatus equipped with a radio receiving 
function. More particularly, the present invention relates 
to a recording and/or reproducing apparatus, such as a 
disc apparatus having a device for reducing electromag- 
netic interference in the apparatus. 

There are widely used composite audio apparatus 
such as radio-equipped cassette tape recorders each 
consisting of a combination of an AM-FM radio receiver 
and a stereo tape recorder employing a cassette tape 
as a recording medium, due to the convenient capability 
of recording radio broadcast programs with facility. 

A portable digital audio disc recording and/or repro- 
ducing apparatus is now proposed which employs a 
rewritable optical disc such as a magneto-optical disc. A 
novel composite audio apparatus is currently contrived, 
similarly to the conventional radio -equipped cassette 
tape recorder, by combining such a digital audio disc 
recording and/or reproducing apparatus with a radio 
receiver. 

To record a data signal on a rewritable magneto- 
optical disc, a recording current corresponding to the 
data signal is supplied to a magnetic head while a light 
beam is irradiated to a recording layer on the disc to 
heat the same. As a result, new data is written simulta- 
neously with erasure of the previous data recorded 
already on the disc. 

However, with this digital audio disc recording 
and/or reproducing apparatus, the frequencies of the 
recording currents are within the AM radio broadcast 
band. Furthermore, predetermined processes of the 
data signal are executed in accordance with clock 
pulses of various high frequencies. 

The high-frequency recording current, the clock 
pulses and unrequited/unwanted high-frequency com- 
ponents such as higher and lower harmonics thereof 
radiated from the disc recording and/or reproducing 
apparatus are compounded with one another and act as 
high-frequency noise on a radio receiver disposed in the 
proximity. Consequently, there occurs a problem of 
interference pre/enting satisfactory reception of a radio 
broadcast. 

When merely the radio receiver alone is to be oper- 
ated, the above problem is preventable by switching off 
the power supply to the digital audio disc recording 
and/or reproducing apparatus which is a source of the 
high-frequency noise, or by stopping the oscillation of 
clock pulses. 

However, when a radio broadcast is to be recorded 
on the digital audio disc, the recording and/or reproduc- 
ing a'pparatus is naturally not permitted to be switched 
off. It is therefore impossible to accomplish a satisfac- 
tory broadcast recording operation unless the above 
problem is solved. 

A similar problem arises also in a composite audio 
apparatus consisting of a combination of a digital audio 



tape recorder or a digital compact cassette recorder and 
a radio receiver, or in a composite audio-visual appara- 
tus consisting of a combination of a disc recorder/player 
or the like and a television receiver with, for instance, a 
5 liquid crystal display. 

Of the methods known heretofore for eliminating or 
suppressing such high-frequency noise, an exemplary 
one is based on the use of a shield case or a filter circuit 
as disclosed in U.S. Patent No. 5, 165, 055. 
w It is an object of the present invention to provide 
recording and/or reproducing apparatus which reduces 
the above-mentioned problems. 

According to the present invention, there is pro- 
vided a recording and/or reproducing apparatus with a 
is radio receiving function, comprising: 

a radio receiving unit; and 
a recording/playback unit; characterised in that 
the recording/playback unit has a high-frequency 
20 clock generator; and by further comprising: 

a shield case for wholly shielding said record- 
ing/playback unit from electromagnetic waves; 
and 

25 means for suppressing the propagation of high 

frequency signals in at least one direction 
between the inside and the outside of the 
shield case; wherein said means for suppress- 
ing comprises: 



30 

a first electro-optical conversion means 
disposed inside said shield case for con- 
verting the output electric signal of said 
recording/playback unit into an output opti- 

35 cal signal and also for converting an input 

optical signal for said recording/playback 
unit into an input electric signal; and 
a second electro-optical conversion means 
disposed outside said shield case for con- 

40 verting said output optical signal into an 

output electric signal and also for convert- 
ing the input electric signal into said input 
optical signal. 

45 In the constitution of the recording and/or reproduc- 

ing apparatus with a radio receiving function of the 
present invention, any unrequited/unwanted high-fre- 
quency component radiated from the recording/play- 
back unit is suppressed through the first and second 

so conversion means, so that the high-frequency noise 
entering into the radio receiving unit can be reduced to 
a great extent. 

According to the present invention, the input and 
output signals of the recording/playback unit are trans- 

55 ferred as optical signals to and from the circuits outside 
the shield case, thereby suppressing the interference of 
the electromagnetic waves radiated from the record- 
ing/playback unit to the radio receiving unit. 
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The present invention is preferably embodied in 
conjunction with magneto -optical discs, but is equally 
applicable to any other form of recording/playback pro- 
ducing radio interference, such as digital audio tape 
recording, digital compact cassette recording and video 
recording. 

The invention will be more readily understood from 
the following description, given by way of example only, 
with reference to the accompanying drawing, in which: 

Fig. 1 is a block diagram of a recording/playback 
unit in a disc recording and/or reproducing appara- 
tus of the present invention. 

Fig. 2 is a perspective view of a mechanical struc- 
ture in an embodiment of the present invention. 
Fig. 3 is a perspective view illustrating the structure 
of principal component elements of the present 
invention, but does not show an embodiment of the 
invention. 

Fig. 4 is a block diagram of apparatus that is useful 
for understanding the present invention. 
Fig. 5 is a block diagram of an electric constitution 
in an embodiment of the present invention. 

Hereinafter a description will be given with refer- 
ence to Figs. 1 through 5 on a disc recording and/or 
reproducing apparatus with a radio receiving function. 
In the present invention, the disc recording and/or 
reproducing apparatus with a radio receiving unit is 
applied to a composite audio apparatus which consists 
of a combination of a radio receiver and a magneto-opti- 
cal disc recording and/or reproducing apparatus adopt- 
ing an audio data compression-expansion process. 

[Disc recording/playback unit] 

Fig. 1 is a principle block diagram of an audio data 
compression-expansion type magneto-optical disc 
recording and/or reproducing apparatus of the present 
invention. 

in Fig. 1, D denotes an optical disc. The disc D 
employed in the present invention is a rewritable optical 
disc as a magneto-optical disc. The magneto-optical 
disc has a recording layer where data is recordable, 
reproducible and erasable. 

The disc D has an outer diameter of about 64 mm, 
and spiral record tracks are formed thereon at a pitch of, 
e.g., about 1.6 jim. The disc D is rotated at a constant 
linear velocity (CLV) of. e.g., 1.2-1.4 m/sec. Audio data 
is recorded thereon after being compressed in the form 
of digital signal, so that data of 130 Mbytes or more can 
be recorded and reproduced. 

On tbe disc D, a pregroove or prepits is formed pre- 
viously for usmg a tracking control of a light beam emit- 
ted from an optical head, later explained. And 
particularly in the present invention, an absolute 
address code is recorded in such pregroove in a man- 
ner to be superimposed on a tracking -control wobbling 
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signal. For the purpose of preventing deposition of dust 
or protection from damage, the disc D is contained in a 
disc cartridge Crt. 

On the disc D, additional data relative to the 
5 recorded audio data is also recorded in its innermost 
track. This additional data is generally termed TOC 
(Table Of Contents) inclusive of the number of recorded 
programs, data indicating the position of each recorded 
program, and the play time of each program. 

w 

[Recording section in recording/playback unit] 

Now the operation for recording data on the mag- 
neto-optical disc D will be described below. In accord- 
's ance with a recording mode or a playback mode, the 
mode of each circuit is selectively changed by a mode 
switching signal R/P obtained from a recording/ play- 
back controller 20 consisting of a microcomputer. This 
controller 20 is controlled by a control signal Sci from a 
20 system controller 10 shown in Fig. 4. 

Two-channel analog audio signals received via a 
pair of input terminals 21 LT, 21 RT are sampled in an A- 
D converter 22 at a sampling frequency of 44.1 kHz, 
and each of the sampled values is converted into a 16- 
25 bit digital signal. The digital signal thus obtained is then 
supplied to a data compressor 23R. In the present 
invention, the input digital signal is compressed approx- 
imately to 1/5 by the data compressor 23R. A variety of 
data compression methods may be adopted inclusive of 

30 4-bit quantization ADPCM (Adaptive Delta Pulse Code 
Modulation) and modified DCT (Discrete Cosine Trans- 
formation). 

The data thus compressed in the data compressor 
23R is transferred to a buffer memory 25. controlled by a 

35 memory controller 24. In the present invention, the 
buffer memory 25 consists of a D-RAM having a storage 
capacity of 1 Mbits. 

If there occurs none of track jump which is a phe- 
nomenon that the recording position on the disc D 

40 jumps due to some vibration or shock during the record- 
ing operation, the memory controller 24 reads out the 
compressed data da sequentially from the buffer mem- 
ory 25 at a higher transfer rate approximately five times 
the write rate and then transfers the read data to a data 

45 encoder 26. 

In case any track jump is detected during the 
recording operation, the memory controller 24 interrupts 
the data transfer to the encoder 26R and stores in the 
buffer memory 25 the compressed data obtained 

so from the processor 23R. And after correction of the 
recording position, the memory controller 24 resumes 
the data transfer from the buffer memory 25 to the 
encoder 26R. 

Occurrence of a track jump can be detected by pro- 

55 viding a vibration indicator or the like in the apparatus 
and deciding if the indicated vibration is so great or not 
as to cause a track jump. On the disc D employed in the 
invention, an absolute address code is recorded, at the 
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time of forming a pregroove, in a manner to be superim- 
posed on the wobbling signal as mentioned. Therefore a 
track jump can be detected also by reading out the 
absolute address code from the pregroove in the 
recording mode and judging the continuity of the abso- 
lute addresses from the decoded output. The circuits 
may be so modified as to detect a track jump by taking 
the logic sum of the detection output from the vibration 
indicator and the absolute address code. It is necessary 
that, upon occurrence of any track jump, the output 
power level of the light beam for recording be lowered or 
switched off. 

Correction of the recording position at the occur- 
rence of a track jump can be executed with reference to 
the absolute address code of the disc D. 

As obvious from the above description, the buffer 
memory 25 needs to have at least a storage capacity 
sufficient for storing the compressed data da which cor- 
responds to the time required from the occurrence of 
any track jump to the proper correction of the recording 
position. In the invention, the buffer memory 25 has a 
storage capacity of 1 Mbits, which is so selected as to 
ensure an adequate margin for completely satisfying 
the aforementioned condition. 

In this case, during a normal operation in the 
recording mode, the memory controller 24 executes its 
control action in a manner to minimize the data to be 
stored in the buffer memory 25. For example, when the 
amount of the data in the buffer memory 25 has 
exceeded a predetermined value, merely a fixed 
amount of the data such as 32 sectors is readout from 
the buffer memory 25. As a result, the buffer memory 25 
is controlled so as to continuously maintain a write 
space for more than the predetermined amount of data. 
In the present invention. 1 sector is equal to 1 CD-ROM 
sector of approximately 2 Kbytes. 

The data encoder 26R serves to encode the com- 
pressed data da read out from the buffer memory 25 to 
thereby form data of a CD-ROM sector structure. Here- 
inafter the data including the 32-sector audio data will 
be referred to as one cluster. 

The output data of a unitary cluster from the data 
encoder 26R is supplied to a recording encoder 27 
which executes a coding process for error detection and 
correction and also a process of adaptively modulating 
the data for recording, e.g., EFM (Eight-Fourteen Mod- 
ulation) in this invention. 

The error detection and correction code is obtained 
by additionally interleaving and changing the CIRC 
(Cross Interleave Reed-Solomon code). 

Since the record data in this case are intermittent 
ones of unitary clusters, a splice recording operation is 
performed for the joints thereof by adding data of sev- 
eral sectors anterior and posterior to the data of each 
unitary cluster. 

The coded data from the recording encoder 27 is 
supplied via a drive circuit 28 to a magnetic head 29. 
The magnetic head 29 is driven by the drive circuit 28 to 



generate a modulated vertical magnetic f iekj according 
to the recording data and supply the vertical magnetic 
field to the magneto-optical disc D. The record data sup- 
plied to the head 29 is in the form of a unitary cluster. 
5 and splice recording is performed intermittently. 

The disc D is contained in the disc cartridge Crt. 
When the disc cartridge Crt is loaded in the apparatus, 
a shutter is opened so that the disc D is exposed from 
an opening formed in the disc cartridge Crt. Then a disc 
w table, not shown, provided on a rotary shaft of a disc 
drive motor 30M is inserted into a spindle hole of the 
disc cartridge Crt. The disc table is engaged with the 
disc D to thereby rotate the same. In this case, the disc 
drive motor 30M is controlled by a servo control circuit, 
15 later explained, so as to rotate the disc D at a constant 
linear velocity (CLV) of 1 .2 - 1 .4 m/sec. 

The magnetic head 29 is disposed opposite to the 
disc D which is exposed from the opening of the car- 
tridge Crt. An optical head 30 is provided at a position 
20 opposite to the reverse side of the disc D with respect to 
its one side opposite to the magnetic head 29. The opti- 
cal head 30 includes a photodetector. a laser diode as a 
light beam source, a collimator lens, an objective lens, a 
polarized beam splitter, and a cylindrical lens. In the 
25 recording mode, a light beam of a fixed power greater 
than that used in the playback mode is irradiated onto 
the record track. And the data is recorded thermomag- 
netically on the disc D by a combination of the irradiated 
light beam from the optical head 30 and the modulated 
30 vertical magnetic field from the magnetic head 29. The 
magnetic head 29 and the optical head 30 are so 
arranged as to be movable in the radial direction of the 
disc D. 

In the recording mode, the output of the optical 
35 head 30 is supplied via an RF signal processor 31 to an 
absolute address decoder 34, so that the absolute 
address code from the pregroove on the disc D is 
extracted and decoded. The absolute address data thus 
decoded is supplied to the recording encoder 27 to be 
40 thereby inserted as absolute address data in the record 
data and then is recorded on the disc D. The absolute 
address data outputted from the. absolute address 
decoder 34 is supplied also to the recording/ playback 
controller 20 so as to be used for recognition and control 
45 of the recording position on the disc D. 

The output of the RF signal processor 31 is sup- 
plied to the servo control circuit 32. In the servo control 
circuit 32. a control signal is produced on the basis of 
the signal from the pregroove of the disc D so as to 
so maintain the linear velocity of the motor 30M constant 
under servo control. 



[Playback section in recording/playback unit] 

55 The disc D loaded in the apparatus is rotated by the 
disc drive motor 30M. And similarly to the recording 
mode, the disc drive motor 30M is controlled by the 
servo control circuit 32 in accordance with the signal 
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obtained from the pregroove. As a result, the rotation of 
the disc D by the drive motor 30M is maintained con- 
stant at the same linear velocity of 1 2 - 1 .4 m/sec as in 
the recording mode. 

In the playback mode, the optical head 30 receives 
the reflected light beam of the light beam irradiated onto 
a target track, thereby detecting the focus error by astig- 
matism means or the like. At this time, the tracking error 
by push-pull means or the like according to the reflected 
light beam, and further detecting the polarization angle, 
such as Kerr rotation angle, of the reflected light beam 
from the target track. Consequently the optical head 30 
generates a reproduced RF signal as an output signal. 

The output signal of the optical head 30 is supplied 
to the RF signal processor 3 1 , which then generates the 
focus error signal and the tracking error signal from the 
output signal of the optical head 30. The output signal of 
the optical head 30 further supplies the extracted sig- 
nals to the servo controller 32 while converting the 
reproduced signals into binary signals and supplying 
the same to a playback decoder 33. 

The servo control circuit 32 executes focus control 
of the optical mechanism for the optical head 30 in a 
manner to decrease the focus error signal to zero. The 
servo control circuit 32 also executes tracking control of 
the optical mechanism for the optical head 30 in a man- 
ner to decrease the tracking error signal to zero. 

The RF signal processor 31 extracts the absolute 
address code detecting of the pregroove and supplies 
the code to an absolute address decoder 34. Then the 
absolute address data outputted from the decoder 34 is 
supplied to the recording/playback controller 20 so as to 
be used by the servo control circuit 32 for position con- 
trol of the optical head 30 in the radial direction of the 
disc D. For controlling the position on the record track 
being scanned by the optical head 30. the record- 
ing/playback controller 20 is capable of utilizing also the 
address data of unitary sectors extracted from the 
reproduced data. 

In the playback mode, as will be described later, the 
compressed data read from the disc D is written in the 
buffer memory 25 and then is read out therefrom to be 
expanded. However, due to the difference between the 
two data transmission rates, the operation of reading 
the data from the disc D by the optical head 30 is per- 
formed intermittently so that the data stored in the buffer 
memory 25 is not decreased below a predetermined 
amount. 

The data read from the disc D is supplied via the RF 
signal orocessor 31 to the playback decoder 33. In 
response to the binary playback signal obtained from 
the RF signal processor 31. the playback decoder 33 
executes required processes conforming with those of 
the recording encoder 27, such as EFM demodulation 
and interpolation for error detection and correction. The 
output data of the playback decoder 33 is supplied to 
the data decoder 26R 

The data decoder 26P decodes the data of the CD- 



ROM sector structure to resume the former data in the 
compressed state. 

The output of the data decoder 26P is transferred 
via the track jump memory controller 24 to the buffer 
5 memory 25. where the data is written at a predeter- 
mined rate. 

If there occurs none of track jump which is a phe- 
nomenon that the playback position jumps on the disc 
due to some vibration or shock during the playback 

jo operation, the memory controller 24 reads out the com- 
pressed output data of the data decoder 26P sequen- 
tially at a lower transfer speed approximately 1/5 times 
the write speed, and then transfers the read data to the 
data expander 23P. In this case, the memory controller 

is 24 controls the write and read operation relative to the 
buffer memory 25 in a manner that the data stored in the 
buffer memory 25 is maintained below a predetermined 
amount. 

When any track jump is detected in the playback 

20 mode, the memory controller 24 interrupts the action of 
writing the data from the data decoder 26P into the 
buffer memory 25 and merely transfers the data to the 
data expander 23P. And after correction of the playback 
position on the disc D, the memory controller 24 

25 resumes the action of writing the data from the data 
decoder 26P into the buffer memory 25. 

Occurrence of a track jump can be detected by var- 
ious means as in the recording mode; e.g., by providing 
a vibration indicator or using the output data of the 

30 absolute address decoder 34. or by taking the logic sum 
of the output of a vibration indicator and the absolute 
address code. 

In the playback mode, rt is also possible to utilize 
the absolute address data and the address data of uni- 

35 tary sectors which are extracted from the playback data. 
As obvious from the above description, the buffer 
memory 25 in the playback mode needs to have at least 
a storage capacity sufficient for successively storing the 
data which corresponds to the time required from the 

40 occurrence of any track jump to proper correction of the 
playback position. If such sufficient storage capacity is 
ensured, proper transfer of the data can be performed 
continuously from the buffer memory 25 to the data 
expander 23P despite occurrence of any track jump. 

45 The storage capacity of 1 Mbits of the buffer memory 25 
employed in this invention is so selected as to retain an 
adequate margin for completely satisfying the above 
condition. 

Also as described, during a normal operation in the 
so playback mode, the memory controller 24 executes its 
control action in a manner that a predetermined amount 
of data greater than the aforementioned minimum 
necessity is stored in the buffer memory 25. For exam- 
ple, when the data in the buffer memory 25 has been 
55 decreased below a predetermined amount, the data 
from the disc D is intermittently picked up by the optica! 
head 30. and the data obtained from the data decoder 
26P is written in the buffer memory 25. As a result, the 
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butler memory 25 is controlled so as to maintain a suffi- 
cient read space greater than the predetermined 
amount of the data. 

In the data expander 23P. the ADPCM data is 
expanded approximately 5 times inversely to the proc- 
ess of data compression in the recording mode. 

The digital audio data outputted from the data 
expander 23 P is supplied to a D-A converter 35 to be 
thereby converted into the former two-channel analog 
signal, which is then delivered via a pair of output termi- 
nals 36LT and 36RT. 

[Timing signal section in recording/playback unit] 

The timing of each operation in the recording sec- 
tion and the playback section above -described is set in 
accordance with timing signals including the aforemen- 
tioned sampling frequency signal. 

In an ordinary magneto-optical disc recording 
and/or reproducing apparatus, a timing signal generator 
40 has a crystal oscillator 41 and a frequency divider 42 
employing a phase-locked loop (PLL). The timing sig- 
nals of adequate frequencies from the generator 40 are 
supplied to the recording/playback controller 20 and so 
forth. 

For example, the clock frequencies used in the indi- 
vidual circuits are set as follows. 



Recording/playback controller 20 


12 MHz 


30 


Data compressor 23 R 


55 MHz 




Data expander 23P 


55 MHz 




Recording encoder 27 


22.6 MHz 


35 


Playback decoder 33 


22.6 MHz 





The frequency of the recording current supplied to 
the magnetic head 29 is set to 800 kHz or so. 

[Overall constitution of disc recording and/or reproduc- 
ing apparatus with radio receiving function] 

In the disc recording and/or reproducing apparatus 
of the present invention with a radio receiving function, 
the recording/playback unit above-mentioned is housed 
together with a radio receiving unit in a single cabinet. 
An input signal received by the radio receiving unit is 
recordable on a recording medium by the record- 
ing/playback unit. 

Hereinafter the recording and/or reproducing appa- 
ratus of the present invention with a radio receiving 
function will be described with reference to Figs. 2 
through 5. 

In Fig. 2. the above-mentioned magneto-optical 
disc recording/playback unit 2 is disposed at a lower 
center position of a cabinet 1 composed of synthetic 



resin. An LCD (Liquid Crystal Display) device 3 for dis- 
playing the operating state and so forth of the record- 
ing/playback unit 2 is disposed thereabove. An AM-FM 
broadcast tuner 4 is disposed in a rear right area of the 
5 cabinet 1. Both an AM bar antenna 4a and an FM rod 
antenna 4f are connected to the tuner 4. Further loud- 
speakers 7L, 7R are disposed at left and right ends of 
the cabinet 1 respectively. 

As shown in Fig. 4, the output audio signal of the 
w tuner 4 is supplied via a selector 5 and a power amplifier 
6 to the loudspeakers 7L and 7R. Meanwhile the power 
from a battery 8 is supplied via a power switch 9 to indi- 
vidual component circuits. 

Denoted by 10 is a system controller consisting of a 
is microcomputer to which a plurality of keys Ka - Kn are 
connected. Various control actions are executed by 
manipulating such keys to set the operation mode and 
so forth for the disc recording/playback unit 2 and the 
tuner 4. 

20 Under control of the microcomputer 10. the selector 
5 is so connected as to distribute the output audio signal 
of the tuner 4 as an input audio signal Sr to the record- 
ing/playback unit 2 or to supply the output audio signal 
Sp of the recording/playback unit 2 to the power ampli- 

25 tier 6. 

The power amplifier 6 and the microcomputer 10 
are disposed in, e.g.. an upper centre area of the cabi- 
net 1. 

Fig. 3 illustrates a disc recording/playback unit 2 
housed in a case 11 of a tin-plated steel sheet and 
shielded electromagnetically. A cover 1 1c of a shielding 
material is provided on a slot 1 1s formed in the case 1 1 
for insertion of a disc or a disc cartridge. 

In this non-embodiment, filter boards 12 and 13 are 
disposed inside and outside the shield case 1 1 respec- 
tively. Each of the filter boards 12 and 13 is composed 
of, e.g.. a laminated plate with copper sheets stuck to 
both surfaces thereof, and a wiring pattern is formed on 
one surface. Required component elements are sol- 
40 dered to such one surface, while the other surface is 
used as a grounding conductor. The two filter boards 12 
and 13 are attached to the case 1 1 in a state where the 
wiring pattern surface is sandwiched between the 
grounding conductor surface and the wall of the case 
45 1 1 . 

The filter boards 12 and 13 are connected to each 
other by means of a lead assembly 14th which includes 
a plurality of wires led out through the case 1 1 . The 
outer filter board 13 is connected to the circuits outside 
so the case 11 by means of a lead assembly 14os. The 
lead assemblies 14th and 14os employed in this 
embodiment are composed of shielded wires. In each of 
the lead assemblies 14th and 14os, a plurality of ele- 
mental wires are grouped to form a flat bundle, and the 
55 ends thereof are connected to a flat connector CN. 

A capacitor, not shown, of an adequate capacitance 
may be additionally provided at the position of the shield 
case 1 1 where the lead assembly 14th pierces. 
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As shown in Fig. 4, low-pass filters 12a -I2n and 
13a * I3n are mounted on the filter boards 12 and 13 
respectively so as to attenuate the unrequited high-fre- 
quency components radiated from the recording/play- 
back unit 2. 

Ground ends I2gd. 13gd of the filter boards 12, 13 
are connected respectively to the shield case 1 1 which 
is grounded at proper positions thereof. In this embodi- 
ment, the case 1 1 is grounded at one or more internal 
positions while being also grounded at one or more 
external positions. 

The ground positions of the case 1 1 may be com- 
mon on the two filter boards 12 and 13. 

As shown in Fig. 4. the entire inputs and outputs of 
the disc recording/playback unit 2 in the shield case 1 1 
are transferred via the two filter boards 1 2 and 1 3 to and 
from the circuits outside the case 1 1 . 

The exemplary inputs and outputs of the disc 
recording/playback unit 2 are as follows. 

Input and output audio signals Sr. Sp 

Segment data signal Sd to LCD 3 

Input and output control data signals Sci. Sco 

Power Vcc from battery 8 

[Suppression of unrequited high-frequency components 
I] 

As described, the disc recording/playback unit 2 
has a circuit to generate high-frequency clock pulses for 
the high-frequency recording current and the digital 
process. And unrequited high-frequency components 
derived from such high-frequency currents, clock pulses 
and higher and lower harmonics thereof are radiated 
from the recording/playback unit 2 and enter into the 
AM-FM tuner 4 disposed in the proximity of the unit 2 as 
shown in Fig. 2. As a result, satisfactory reception of a 
radio broadcast is disturbed. 

In this system, therefore, the disc recording/play- 
back unit 2 is housed in the shield case 1 1 for the pur- 
pose of suppressing the radiation of such unrequited 
high-frequency components. 

The filter board 12 is provided in the case 1 1. and 
low-pass filters 12a - I2n mounted on the board 12 
serve to attenuate the unrequited high-frequency com- 
ponents which are radiated from the circuits of the 
recording/playback unit 2 and are superimposed on the 
lead assembly 14os in the case 1 1 . 

Thus, it becomes possible to reduce the level of the 
unrequited high-frequency components appearing out- 
side the case 11 via the lead assembly 1 4th which 
pierces through the shield case 1 1. 

Further, the second filter substrate 13 is provided 
outside the case 1 1. and the unrequited high-frequency 
components remaining on the lead assembly 14th are 
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attenuated by low-pass filters 13a - 13n mounted on the 
board 13. 

As a result, the level of the unrequited high-fre- 
quency components can be lowered on the lead assem- 
5 Wy 14os disposed on the output side of the filter board 
13, whereby the high-frequency noise entering into the 
tuner 4 is reduced to a remarkable extent to conse- 
quently ensure satisfactory reception of a radio broad- 
cast. 

w 

[Suppression of unrequited high-frequency components 
II] 

Hereinafter a preferred embodiment of the present 
is invention will be described with reference to Fig. 5. 

in the embodiment of this diagram, a disc record- 
ing/playback unit 2 is housed in a shield case 1 1. and 
further opto-electric conversion blocks 15. 16 are also 
contained in the shield case 11. Electro-optical conver- 
ge? sion blocks 17, 18 corresponding respectively to the 
input and output signals of the recording/playback unit 2 
are disposed outside the shield case 1 1 respectively. 

Each of the opto-electric conversion blocks 15, 17 
consists of an opto-electric conversion element such as 
25 a photodiode. white each of the electro-optical conver- 
sion blocks 16, 18 consists of an electro-optical conver- 
sion element such as a light emitting diode. 

The opto-electrical conversion blocks 16, 17 and 
the electro-optical conversion blocks 15, 18 are con- 
30 neded to each other by means of an optical fiber 19, so 
that the aforementioned input and output signals are 
transferred in the form of optical signals between the cir- 
cuits outside the shield case 1 1 and the disc record- 
ing/playback unit 2 housed in the case 1 1 . Since the 
35 power for the recording/playback unit 2 is supplied 
through a lead assembly 14. a filter such as the afore- 
said one may be inserted when necessary. 

The other constitution is the same as that of the 
system shown in Fig. 4. 
40 In this embodiment, as mentioned, the input and 
output signals of the disc recording/playback unit 2 are 
transferred via the optical signal path to and from the 
tuner 4 and the other circuits, so that the noise derived 
from the electromagnetic waves leaking from the 
45 recording/playback unit 2 in the shield case 1 1 is dimin- 
ished to consequently cause remarkable reduction of 
the high-frequency noise entering into the tuner 4, 
whereby a radio broadcast is rendered receivable in a 
satisfactory state. 
so In this embodiment where the electromagnetic 
noise leaking to the outside of the shield case 1 1 is 
remarkably attenuated, it becomes possible to incorpo- 
rate the bar antenna in the apparatus to eventually real- 
ize dimensional reduction of the whole apparatus with 
55 facility. Furthermore, the necessity of using shielded 
leadwires can be eliminated due to the effect of sup- 
pressing the radiation of the electromagnetic noise, 
hence achieving curtailment of the production cost. 
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The above problem of radiation of unrequited high- 
frequency components derived from the recording cur- 
rent and the high-frequency clock pulses in digital 
recording is caused also in a composite audio appara- 
tus which consists of a radio receiver and a digital 
recorder without a playback unit. And application of the 
present invention to such composite audio apparatus is 
effective as well to eliminate the interference of electro- 
magnetic noise. 

Claims 

1. A recording and/or reproducing apparatus with a 
radio receiving function, comprising: 

a radio receiving unit (4); and 

a recording/playback unit (2); characterised in 

that 

the recording/playback unit (2) has a high-fre- 
quency clock generator (40); and by further 
comprising: 

a shield case (11) for wholly shielding said 
recording/playback unit (2) from electromag- 
netic waves; and 

means for suppressing the propagation 
of high frequency signals in at least one direc- 
tion between the inside and the outside of the 
shield case; wherein said means for suppress- 
ing comprises: 

a first electro-optical conversion means 
(15.16) disposed inside said shield case 
(11) for converting the output electric sig- 
nal of said recording/playback unit into an 
output optical signal and also for convert- 
ing an input optical signal for said record- 
ing/playback unit into an input electric 
signal; and 

a second electro-optical conversion means 
(17,18) disposed outside said shield case 
for converting said output optical signal 
into an output electric signal and also for 
converting the input electric signal into 
said input optical signal. 

2. The apparatus according to claim 1. wherein said 
recording/playback unit (2) comprises a magnetic 
head (29), an input means (21). a signal processing 
means (22-27) for executing a predetermined proc- 
ess of the input signal obtained from said input 
means, a modulation means (28) for executing a 
predetermined modulation of the output of said sig- 
nal processing means (22-27), a drive means (28) 
for driving said magnetic head (29) by using the 
modulated signal obtained from said modulation 
means, and a control means (20) for controlling 
said recording/playback unit. 
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The apparatus according to claim 2 wherein said 
recording/playback unit (2) further comprises an 
optical head (30) disposed opposite to said mag- 
netic head (29). 

The apparatus according to claim 2 or 3. wherein 
said high-frequency clock generator (40) is at least 
one of said control means, said modulation means, 
said magnetic head and said signal processing 
means. 

The apparatus according to claim 2, 3 or 4. wherein 
the input signal obtained from said input means 
(21) is the signal received by said radio receiving 
unit. 

The apparatus according to any preceding claim, 
wherein the input signal supplied to said record- 
ing/playback unit is the signal received by said radio 
receiving unit. 

The apparatus according to any preceding claim 
arranged for recording/playback of discs. 
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